Background: In at-risk older adults, gait speed is an important factor associated with quality of life and falling risk. In this study, we assessed whether therapeutic exercise could improve gait speed. Methods: We conducted a meta-analysis to evaluate the 'best' therapeutic exercise method by analyzing each exercise in terms of intensity, type, and several gait speed indices. For the analysis, we gathered 122 papers through a database search and selected 9 (n=627) that were appropriate for the meta-analysis. Results: In 8 of the 9 included papers, gait speed improved with therapeutic exercise. Usual gait speed (n=246) improved more than maximal gait speed (n=574). A resistance program was more effective than a nonresistance program for improving maximal, but not usual, gait speed. We also found that the effects of therapeutic exercise were greater in noncommunity than in community-dwelling elderly people. Conclusion: In conclusion, therapeutic exercise was effective in improving gait speed.
INTRODUCTION
At-risk older adults (with respect to falling) are defined as those having a low Short Physical Performance Battery score (<10) or those older than 85 years; this population is increasing commensurate with our rapidly aging society [1] [2] [3] . Such individuals have a higher risk of falls because they walk more slowly and have reduced strength and balance 2) . Many of them also have chronic diseases and dementia 4) ; consequently, they cannot perform physical activities by themselves, so their quality of life is reduced. In particular, 'oldest old' males (aged >85 years) show prominent decreases in quadriceps muscle and grip strength 5) .
Recently, gait speed has been viewed as a key indicator of poor physical function 6, 7) . In many studies, gait speed has been shown to be an indicator of body function and a predictor of mortality 8, 9) . Gait speed decreases caused by aging are a leading risk factor for falls in both community-dwelling and institutionalized older adults. It has also been related directly to decreased quality of life [10] [11] [12] . In 2011, Studenski et al. 9) reported an association between gait speed and survival (i.e., life expectancy) in men and women. At all ages, men whose gait speeds exceeded 1.0 m/sec lived longer than those whose speed did not. A European consensus on the definition of sarcopenia 13) was reached, whereby sarcopenia should be measured according to gait speed and muscle quantity. Improvement in typical gait speed predicts a substantial reduction in mortality and risk of falling [14] [15] [16] . Therapeutic exercise is one of the best ways to improve gait speed among the elderly [17] [18] [19] [20] . Many modalities have been shown to be effective in improving gait speed: for example, treadmill walking, leg muscle training, and flexibility training. These exercises can improve both maximal and usual gait speed. However, study results have not been consistent and the exercise interventions have been heterogeneous with respect to modality, duration, and intensity. The effects of interventions on maximal versus usual gait speed improvement are questionable and typically not distinguished. Although several metaanalyses of therapeutic exercises targeting gait speed in at-risk older adults, as well as therapeutic exercises according to the presence of specific diseases, have been conducted, it is difficult to confirm the effectiveness of therapeutic exercises for older people specifically. Additionally, it is hard to distinguish between exercise modalities, because the type, intensity, and duration of interventions required to have an effect on gait speed has not been welldocumented 21) . Finally, in many cases, the 'oldest old' have other diseases, such that rehabilitation tends to focus on these other diseases.
Thus, here we have pooled studies on therapeutic exercises designed to improve performance, including gait speed, targeted specifically to at-risk older adults. Our main research question was whether therapeutic exercise had a significant positive effect on habitual walking speed in at-risk older adults, taking into account the many confounding factors associated with measuring improvement, such as the type of exercise, gait speed, and habitation. To answer our question, we searched the literature for relevant studies, which were reviewed by more than 2 persons, using combinations of medical subject headings (MeSH) terms and other synonyms. We categorized and summarized the effects of the different therapeutic exercises. Our meta-analysis used a random-effects model and calculated heterogeneity and overall effect sizes. We differentiated between maximal and usual gait speed to distinguish the effects of therapeutic exercise on each. Then, we determined which type of therapeutic exercise was most effective in improving gait speed in the elderly.
MATERIALS AND METHODS
We searched the English language literature for studies published from 2004 to 2014 (see Fig. 1 for a flow chart of the search and selection process) and used predetermined search terms: "oldest old people (older adults)", "gait speed", and "(physical) exercise intervention" -in all PubMed advanced search fields, as well as in the Scopus, MEDLINE, and Embase databases (for example, query in PubMed: ( The initial search uncovered 122 articles potentially suitable for the meta-analysis, from which we selected those that included at least one treatment arm of "physical exercise" or "physical intervention" and at least one time point for measuring gait speed. We also only selected studies that included subjects aged 70 years or older. Using these criteria, 17 articles appeared relevant for inclusion in the study. The reviewers read the full texts of each and determined that only nine met the criteria for the meta-analysis [22] [23] [24] [25] [26] [27] [28] [29] [30] . Five studies were excluded because they lacked control groups, 2 were excluded because they lacked gait speed measurements in the control group, and 1 was excluded because of unreliable gait measurements. Using a systematic review process, we abstracted data on the following from the nine studies: subject demographics, sample size, study design, gait speed measurement, type of exercise, gait speed in both control and experimental groups, test statistics, and major morbidity. We evaluated the quality of the selected papers by using the PEDro scale; all of them satisfied seven or more criteria (Table 1 ).
Participant Demographics
Among the 9 included studies, 627 participants were either community-dwelling or in-hospital ambulatory elderly people, aged over 70 years and with minimal reported limitations in their ability to walk. Major morbidities that can decrease physical function among the elderly were reported for the participants in 6 studies: 2 studies reported hip fractures, 2 reported dementia, and 1 reported sarcopenia. Participants in the remainder of the studies were community-dwelling older adults without serious medical illnesses. All studies included both men and women. The mean age of the participants was 79.87 years. The demographics of the study participants are shown in Table 2 .
Gait Speed
Effect of Exercise on Gait Speed of Older Adults Measured gait speed was defined as maximal gait speed when the subjects were asked to walk as fast as they could. If subjects were not asked to do this specifically, then we defined the measured gait speed to be the usual gait speed. We selected maximal gait speed if both measures were given. Among the 9 articles, usual gait speed was reported by two articles. Both usual and maximal gait speed were included in 3 studies, while maximal gait speed alone was used in 4. Definitions of maximal and usual gait speed differed somewhat among the studies. Gait speed was measured in various ways (e.g., 10-m walking time, centimeters per second) using devices such as GAITrite. Regardless of the measure used, gait speed was converted to m/s to ensure consistency.
Therapeutic Exercise Intervention
The therapeutic interventions were categorized according to their main purpose and in terms of whether they were resistance or nonresistance programs. Resistance programs included progressive strength, circuit, and combination training, which involved external resistance. Nonresistance programs included balance, stretching, and flexibility training, which focused on increasing range of motion, and aerobic training. Among the nine studies, five used resistance programs while four used nonresistance programs. In 8 studies, therapeutic exercise sessions were completed in a facilitybased setting; in the remaining study, all interventions were applied in a home-based setting. In all studies, the exercise intervention lasted for at least 6 weeks. We did not consider warm-up or cool-down periods to be components of the programs, because only two papers reported these components.
Data Analysis
An analysis of all participants was performed with respect to usual gait speed and maximal gait speed according to exercise intervention type 31) . We calculated effect sizes according to standardized mean differences between the control and experimental groups in each study. Weighting of the effect sizes in each study was done using the inverse of the variance. We used weighted effect sizes in further analyses. Values are presented as mean±standard deviation. Number in x-axis indicates effect size and y-axis indicates individual study.
CI, confidence interval. We used the Q test to measure heterogeneity among the studies, calculated as the weighted sum of squared differences between the effects of individual studies and the pooled effect across the studies. We also used the I 2 statistic to quantify heterogeneity. For both measures, we decided to use a random-effect model because the sample populations clearly differed among studies. Additionally, 95% confidence intervals were calculated for each analysis. The significance of the effect sizes was also determined. We used a forest plot for each analysis to illustrate the clinical relevance of the findings.
RESULTS

Overall Effect of Therapeutic Exercises on Gait Speed
In total, 627 subjects were included among the 9 studies measuring gait speed (maximal or usual). We used a randomeffects model to calculate pooled effect estimates of therapeutic exercises on gait speed, taking into consideration possible variations in the characteristics of the populations included in the studies. Data on habitual and maximal gait speeds were analyzed separately. As tests of homogeneity, weighted Q and weighted I 2 statistics were calculated to be 12.952 and 53.676, respectively, for maximal gait speed, and 38.184 and 89.524, respectively, for usual gait speed, indicating that the studies did not show significant heterogeneity 32) .
We analyzed the different pooled effects according to the type of gait speed measured (usual or maximal), type of exercise (resistance or nonresistance), and elderly population type (community-dwelling or in-hospital). We combined the studies from each block to calculate pooled effect estimates using a random-effects model.
Gait Speed Measurements
We combined data for each gait speed measurement for further analyses. When the data from the 7 studies (n=574) that measured maximal gait speed were combined, the combined effect size was ES (random)=0.388 (95% confidence interval [CI], 0.053-0.723; p<0.01) ( Table 3 ). However, the 5 studies (n=246) that measured usual gait speed showed a relatively high combined effect size of ES (random)=1.058 (95% CI, 0.584-1.533; p<0.01) ( Table 4 ).
Type of Exercise
Next, we analyzed the effect of exercise type and whether the program included a resistance training component. Analyses were performed for maximal and usual gait speed. For usual gait speed, only 1 study used a program with resistance training and 4 studies included a nonresistance program. When the effect sizes of 4 studies (n=182) including nonresistance training programs were combined, the pooled effect estimate was ES (random)=1.265 (95% CI, 0.604-1.927), which was much higher than that for resistance training: ES (random)=0.51 (95% CI, 0.335-0.685). In contrast, maximal gait speed improved more with resistance than with nonresistance training. When we combined the 5 studies (n=445) including resistance programs, ES (random) was 0.479 (95% CI, -0.018-0.976), which was compared with the combined effect size of the 2 studies (n=129) including nonresistance programs of 0.183 (95% CI, -0.320-0.687) ( Table 5 ).
Effect of Exercise on Gait Speed of Older Adults
In the study that included a resistance program and reported both usual and maximal gait speeds, the 2 gait speed measures showed similar tendencies, but there was a significantly greater improvement in maximal gait speed (19%) versus usual gait speed (7%). In contrast, the 2 studies that included nonresistance programs and reported both usual and maximal gait speeds demonstrated better habitual versus maximal gait speeds.
Habitation
Finally, we compared the effects of therapeutic exercise in community-dwelling elderly versus nursing home resident populations. In terms of usual gait speed, the institutionalized elderly participants showed more improvement than did the community-dwelling participants. For the 4 studies (n=215) that included community-dwelling elderly participants, the combined effect size was ES (random)=0.569 (95% CI, 0.273-0.865). One study (n=31) targeted institutionalized elderly and reported an effect size of ES (random)=3.133 (95% CI, 2.510-3.756). Similarly, the maximal gait speed in the institutionalized elderly participants improved more than that of the community-dwelling participants. The combined effect size of the four studies (n=280) including community-dwelling elderly participants was ES (random)=0.36 (95% CI, -0.211-0.931) and that of three studies (n=294) was ES (random)=0.439 (95% CI, 0.304-0.574) ( Table 5 ).
DISCUSSION
We sought to establish whether physical exercise interventions improve gait speed in older adults (aged 70 years and above), through a systematic review and meta-analysis. In total, 9 studies were selected for inclusion in our meta-analysis and analyzed using a random-effects model. Therapeutic exercise improved gait speed significantly in older adults. In particular, resistance training resulted in meaningful improvements in maximal gait speed, while nonresistance training was better for improving usual gait speed. Institutionalized elderly participants benefited more from therapeutic exercises than did the community-dwelling participants.
We classified the therapeutic exercise interventions into 2 groups: resistance and nonresistance training. Resistance training programs were targeted primarily toward increasing muscle strength and power. Nonresistance programs, including balance training and stretching and flexibility components, were targeted mainly towards increasing the range of motion of, and coordination between, muscle groups. Resistance training was more effective for improving maximal gait speed compared to nonresistance training. This result is consistent with several previous reports 20, 33, 34) . Although large differences in effect sizes were noted between the groups, there was significant overlap in the confidence intervals due to the small number of samples. While resistance training is a well-established type of training program, nonresistance training is not as well studied; moreover, the nonresistance programs were heterogeneous in terms of their component parts. Among the included studies, nonresistance training programs were characterized by relatively distinct elements, such as balance training, aerobic training, and yoga. Usual gait speed was improved more than maximal gait speed by therapeutic exercise. The improvement in usual gait speed was always greater than that of maximal gait speed, regardless of the intervention type or living environment of the study population. This result is consistent with the reports of Lopopolo et al. 21) and Daley and Spinks 35) .
Because maximal gait speed equates to the maximum performance, it is difficult to improve in older adults via exercise interventions with limited intensity, frequency, and duration.
Regarding the living environment of the participants, institutionalized subjects showed greater improvement in gait speed versus community-dwelling subjects. Normally, community-dwelling elderly populations show better functional performance than their institutionalized counterparts, suggesting a possible ceiling effect for improving gait speed among community-dwelling elderly people. Gait deficit is one of the leading risk factors for falling, and thus is also an integral component of functional limitation assessments in older adults, and especially in the oldest old (defined as those over 85 years of age) [36] [37] [38] . There have been many studies aimed at improving gait speed. However, controversial results have been reported for the effect of exercise training on gait performance in older people and the most effective therapeutic exercises have yet to be determined definitively. Furthermore, there are few reports that have summarized and synthesized the results of these trials in a systematic meta-analysis. There are many papers suggesting that the oldest old are more prone to decreases in gait speed. We originally planned to include only studies with oldest old populations, but there was an insufficient number of such papers to review. Instead, we restricted our analysis to studies including subjects aged above 70 years and with limited mobility. We also only included papers published after 2005, such that those that had already been reviewed in other meta-analyses were excluded. We could not perform statistical tests on measured effect sizes, because the number of studies was too few. Moreover, we could not consider interaction effects among confounding factors. Due to our use of a random-effects model, heterogeneity among the studies was quite high and the confidence intervals were wide. In addition, we could not control for many confounding factors, such as the equipment used to measure gait speed, major comorbidities, and patient demographics. With more research, it may be possible to perform statistical tests more precisely. The 9 papers that we included in our analysis used inconsistent measurements, aside from gait speed, so we could not perform a correlation analysis.
In conclusion, therapeutic exercise improved gait speed in older adults (aged >70 years). Furthermore, this meta-analysis suggests that resistance training was the most effective means of improving maximal gait speed, while nonresistance training was effective in improving usual gait speed. Furthermore, the therapeutic exercise interventions were more effective among institutionalized versus community-dwelling elderly subjects in improving both usual and maximal gait speed.
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